Fifteen progeny of two Polled Hereford sires were fed endophyte-infected tall fescue seed ( E +) to investigate variability in susceptibility to fescue toxicosis. One sire, bred in Missouri, was reputed to produce calves that were resistant to fescue toxicosis. The Control sire, from Virginia, had unknown merit for susceptibility. There were two phases in which E+ was included in the diet ( 2 and 4 ) and three in which it was not ( 1, 3, and 5). Voluntary feed intake, serum prolactin, cholesterol, and alkaline phosphatase concentrations; ability to maintain homeothermy (afternoon minus morning rectal temperature); and heat-transfer inefficiency (afternoon rectal minus afternoon surface temperatures) were monitored. Intake and prolactin concentration were decreased by E+, but sire groups did not differ in responses across phases. Cholesterol levels were lower during E+ phases, and the rate of increase in cholesterol concentration after withdrawal of E+ differed between groups. Alkaline phosphatase concentrations were lower during E+ phases; calves from the Control sire showed greater reduction than calves sired by the Missouri sire. Ability to maintain homeothermy was reduced by E+, but the reduction did not differ between sire groups. Heat-transfer inefficiencies were not indicative of fescue toxicosis in this study. Evidence was not compelling to support the existence of differences between the sire groups for susceptibility t o toxicosis. However, progeny of the Missouri bull had higher feed intake and lower rectal and body surface temperatures through nearly all phases of the trial. This may account for the reputation of the Missouri bull to sire calves with relatively high resistance to fescue toxicosis.
Introduction
Fescue toxicosis reduces economic returns from beef cattle production in the southeastern United States. Fescue toxicity is associated with the symbiotic relationship of tall fescue ( Festuca arundinacea Schreb) with a fungal endophyte ( Acremonium coenophialum, Morgan-Jones and Gams, 1982) . The fescue/endophyte association produces ergot alkaloids that have been implicated as the cause of the toxicosis (Bacon et al., 1986) . Many attempts have been made to ease the economic stress and health risks that are caused by cattle consuming endophyte-infected fescue. None has been completely successful. Few attempts have been made to determine whether genetic variation exists among cattle in susceptibility to fescue toxicosis. The purpose of this experiment was to study differences between two beef sires in the response of feed intake and physiological variables of their progeny to endophyte-infected tall fescue seed in the diet.
Materials and Methods
Animals. Progeny of two Polled Hereford bulls were used in the experiment. One bull, bred in Missouri, had the commercial reputation of producing calves with reduced clinical signs, compared with their contemporaries, of tall fescue toxicosis. This bull will be referred to as the "Missouri" bull. The Control bull, reared in Virginia, had unknown merit with regard to offspring susceptibility to fescue toxicosis. Polled Hereford x Angus crossbred heifers located at the Shenandoah Valley Experiment Station, Steeles Tavern, VA were inseminated with semen from these bulls. The Missouri bull sired six male and three Procedures. This study was conducted at the Smithfield Research Center at Virginia Polytechnic Institute and State University, Blacksburg. Calves were housed a t night in 3-m x 1.2-m covered pens to allow for individual feeding. An outdoor community pen allowed continuous access to water during the day. On extremely hot days the calves were allowed access to a barn for shade. These areas were used in such a way as to provide all calves access to a similar environment. Progeny of the two sires were evaluated in the presence and the absence of an endophyte-infected (E+) tall fescue challenge. To accomplish this, the experiment was divided into five phases, three in which E+ was not fed (Phases 1, 3, and 5 ) and two in which it was (Phases 2 and 4 ) . The experiment lasted for 153 d: May 21 through July 1 for Phase 1, July 2 through July 29 for Phase 2, July 30 through August 26 for Phase 3, August 27 through September 23 for Phase 4, and September 24 through October 21 for Phase 5.
Within each phase of the experiment, all calves received the same diet (Table 1 ) . Calves were individually fed to appetite from 1600 each evening to 0730 the next day. During the day, they were free to socialize and drink in the community pen. From d 0 to 13, calves received restricted amounts of feed to allow acclimation to their new diet. During this time, the amount of feed was incrementally increased each day until the calves showed refusal. Measures from this period are excluded from subsequent analyses. After the first 31 d on feed, the Phase 1 diet was altered (Phase l a diet), because the original diet had not produced the desired ADG. The fescue seed in the diets of Phases 2 and 4 contained an estimated 3,050 ppb of ergovaline, as determined by the Fescue Diagnostic Center at Auburn University (Department of Plant Pathology, Plant Disease Laboratory, Auburn University, AL).
Weight of feed offered was measured each evening and feed refused was weighed the following day. From these data, daily feed intake was calculated. Once every 2 wk during Phase 1 and once every week during all other phases, the calves were weighed at 0730. Feed intake, for each calf on each day of the experiment, was calculated as feed intake per unit of metabolic BW (BW.75). Because BW was recorded biweekly or weekly, daily weights for these computations were estimated by linear interpolation.
Each calf had blood samples taken by jugular venipuncture, collected at 0800, on the same schedule as weighing. Samples were cooled to ambient temperature and then were refrigerated overnight. Twentyfour hours after collection, the samples were centrifuged at 1,000 x g for 15 min. Decanted serum was frozen for later analysis. Approximately 6 mo after the first blood collection, all serum samples were analyzed for concentrations of prolactin, cholesterol, and alkaline phosphatase. Samples were analyzed for cholesterol using a colorimetric test performed on a Kodak Ektachem 700 (Eastman Kodak Company, Rochester, NY). The same instrument was used to determine alkaline phosphatase concentrations using a multiple-point rate test. Prolactin concentrations were determined by RIA (Koprowski and Tucker, 1971) . All samples were evaluated in a single assay, for which the CV was 7.8%.
Rectal, tail-tip, and pastern temperatures were recorded two times per day (OS00 and 1400) and 3 d per week. Rectal temperatures were recorded starting on d 14. Starting on d 35, tail tip and pastern temperatures were determined with a Model 310 VetTherm infra-red thermometer (Everest Interscience, Fullerton, CA). Tail temperatures were measured 2.54 cm cranial of the last coccygeal vertebra, with the Vet-Therm held 15 cm away from the body surface. Pastern temperatures were measured 2.54 cm proximal of the hoof septum on the dorsal face of the left rear hoof with the Vet-Therm thermometer held 20 cm away from the body surface.
Statistical Analysis. Response variables were of three types: 1 ) feed intake, 2 ) blood chemistry, and 3 ) body temperatures. During 3 d of Phase 4, one calf was bloated and went off feed. The intake observations for all calves for those 3 d were deleted from subsequent analyses. Two prolactin concentration readings were recorded from each blood sample. These two observations were averaged for each animal for each day. No data were edited from the blood chemistry data sets. For the body temperature data, observations were deleted if tail and(or) pastern were wet, because this could have affected body surface temperature. The body temperature variables used for analysis were morning and afternoon rectal temperatures, afternoon minus morning rectal temperature, afternoon body-surface temperature, and afternoon rectal temperature minus afternoon body surface temperature (termed heat transfer inefficiency, to be discussed).
Data were evaluated by ANOVA using a split-plot design. The design was composed of a completely randomized design (whole plot) and a randomized complete block design (subplot). Individual calves were treated as subjects with sires as the whole-plot treatment. Phase was the subplot treatment. The component of most interest was the interaction of sire and phase, because significance of this effect would suggest differential response between the paternal half sib groups to E+ in the diet.
The initial model for each response variable was as follows:
where Yijklmn = the response variable, p = the overall mean, sirei = the effect of the ith sire, sex. -the effect calfiju = the effect of the lth calf within the ijkth sire x sex x color subclass, phase, = the effect of the mth phase, day,, = the effect of the nth day within the mth phase, and eijklmn = residual. Random effects in the model included calf, day, and interactions involving calf and(or) day. Color was included because of potential differences between black and red hair pigmentation with regard to solar heat absorption and subsequent heat stress.
The denominator for each F-test was the mean square of the term that had an expectation equal t o the expectation of the mean square of the tested effect if the null hypothesis had been true. If the appropriate denominator mean square did not exist under this of the jth sex, c o l o~ = the effect of the k i -hair color,
condition, a denominator was synthesized using Satterthwaite's rule for F approximation (Snedecor and Cochran, 1989) . A final model for each variable was derived by sequential step-down procedures. Effects important to the experimental objectives (sire, calf nested within sire, phase, sire x phase, and day within phase) were retained regardless of statistical significance. The final model for each variable can be determined from the ANOVA presented in Table 2 . Hair pigmentation (black vs red) was not a significant source of variation for any trait, so it was not included in the final model for any variable.
Comparisons among sire groups within phases were performed using t-tests on the least squares means (LSM) of sire x phase subclasses. The same LSM were used to compare sire groups for the change of a response variable between adjacent phases ( AR). This was done to compare the ability of the two sire groups to either withstand the E+ challenge (Phase 2 vs 1, for example) or to recover from the toxic condition (Phase 3 vs 2, for example). Differences in AR between sire groups were tested by two sets of orthogonal linear contrasts (one to test susceptibility, AR,, the other to test recovery, A&). To maintain an experimentwise error rate of .05, the pairwise error rate was determined by the Bonferroni method for nonorthogonal multiple comparisons (Lowry, 1992) .
Results and Discussion
Intake. Feed intake without correction for BW was analyzed by the same model and procedures as were used to analyze intake per unit of metabolic BW. Results and interpretations were nearly identical for both variables, and the residual correlation between them was .99. Therefore, results for feed intake uncorrected for BW are not presented.
Results of the ANOVA are presented in Table 2 . The main effect for sires was significant, and calves sired by the Missouri bull maintained appetites greater than or equal to those of calves sired by the Control bull throughout the experiment (Figure 1 1.
Steers had lower intake per unit of metabolic BW than heifers (. 10 vs . l l If: .002 kgkg BW.75, respectively, P < .05). Each addition of E+ to the diet was associated with a reduction in intake; and each time E+ was removed from the diet, intake increased ( P <: .0001). These results are consistent with the findings of Schmidt et al. (19821, Jackson et al. (19841, and Boling et al. (1989) that E+ fescue in the diet reduces voluntary feed intake, especially during hot weather. The moderate recovery of appetite during Phase 3 (Figure 1 ) may have been due t o the generally high ambient temperatures during that phase, protracted recovery of the animals from the toxicosis, or a combination of the two. However, slow recovery does not seem the likely explanation, because calves showed a more rapid recovery of appetite in Phase 5 when ambient temperatures were cooler. The source of variation of most interest to the objectives of this study was the interaction of sire and phase. The sire x phase interaction mean square was not significant, indicating that sire groups responded to E+ in the diet in the same way. This is seen by the near parallel lines in Figure 1 .
Blood Chemistry. Many investigators (e.g. , Thompson et al., 1987; Schillo et al., 1988; Kerr et al., 1990) reported that the ingestion of E+ tall fescue seed or forage causes reduced serum concentrations of prolactin. Stuedeman et al. (1985) reported lower blood cholesterol levels in steers grazing endophyte-infected tall fescue than in contemporaries grazing tall fescue pasture not infected with the endophyte. Boling et al. (1989) reported that endophyte-infected hay caused a reduction in blood alkaline phosphatase concentration, compared with that of cattle that consumed a lowendophyte control diet. We sought, in this experiment, to determine whether blood concentrations of these chemical variables responded to E+ in the diet and, in particular, whether the response differed between the two paternal half-sib groups.
The minimum values, maximum values, and means of the observed prolactin levels by phase are presented in Table 3 . The data did not comply with the requirement of homogeneous variances among phases necessary for the analysis of variance. Various transformations were tested. Using the logarithm to base 10 of observed prolactin as the response variable most effectively reduced the heterogeneous variances. Results from ANOVA of the transformed data are presented in Table 2 .
Averaged across the entire experiment, calves sired by the Missouri and the Control bull did not differ in log prolactin levels. Phase was highly significant, indicating that log prolactin levels were very responsive to E+ added to and removed from the diet. This confirms previous reports on the untransformed varia- Figure 2 . Average blood serum prolactin concentrations during each phase for progeny of the Missouri bull [--) and Control bull (----). Average maximum ambient temperature for each phase is represented by solid squares.
ble (Thompson et al., 1987; Schillo et al., 1988; Kerr et al., 1990) .
The interaction between sire and phase was not significant. To determine LSM for sires within phases, the nontransformed data were analyzed separately for each phase using a model from which the phase effect and all interactions involving phase had been removed. The similar response of prolactin levels of the two sire groups to addition and removal of E+ from the diet is evident from examination of these means presented in Figure 2 . The combination and(or) quantity of toxins in the E+ diet reduced prolactin to very low levels in all calves and was probably too high to allow discrimination between groups in susceptibility to toxicosis.
The sire effect for cholesterol was highly significant (Table 2) . Calves sired by the Missouri bull maintained higher levels throughout the study (Figure 3 ) . Sire differences were not unexpected, because several studies have documented a moderate to high heritability for plasma or serum cholesterol concentrations in cattle (Stufflebean and Lasley, 1969; Arave et al., 1975; Edfors-Lilja et al., 1978) .
Phase also was highly significant. The E+ diet was associated with a decrease in cholesterol in Phase 2, and removal of the E+ in Phase 5 was associated with an increase in cholesterol. These responses are consistent with the observations of Stuedemann et al. ( 1985) in which steers grazing E+ tall fescue had lower cholesterol levels than steers grazing E-tall fescue. However, cholesterol levels in Phase 3 did not increase in response to E+ withdrawal. High ambient temperatures may have caused the low cholesterol levels in Phase 3; h a v e et al. (1975) reported that, in general, serum cholesterol levels for heifers were decreased in summer compared with winter.
The sire x phase interaction (Figure 3 ) was highly significant. The AR, contrast, which measured Figure 3 . Average blood serum cholesterol concentrations during each phase for progeny of the Missouri bull (-) and Control bull (----). Average maximum ambient temperature for each phase is represented by solid squares. differential rates of susceptibility to E+, was not significant for Phases 2 or 4. The ARr, which measured differential rates of recovery from the effects of E+, was not significant for Phase 3 but was significant for Phase 5 . Cholesterol levels of progeny of the Missouri bull increased more rapidly during that phase than those of progeny of the Control bull.
These data suggest that serum cholesterol concentration responds to the addition and withdrawal of endophyte-infected fescue seed from the diet but that the response may be modulated by other environmental factors. Evidence was not compelling to suggest a difference between Missouri and Control calves in the response of their cholesterol concentrations to fescue toxicosis.
The analysis of variance for alkaline phosphatase is presented in Table 2 . Levels were 81.6 f 6.2 and 97.4 f 6.6 U/L for steers and heifers, respectively. Phase was a significant source of variation. As was true for cholesterol, levels decreased between Phases 1 and 2 and increased between Phase 4 and 5 , with moderate changes between the remaining phases. Sire group differences were not significant in the analysis, due to a strong interaction between sire and phase.
Because the sire x phase interaction was significant, AR contrasts were performed. As illustrated in Figure 4 , neither ARr for Phase 3 nor Phase 5 was significant. The ARs for Phase 4 also was not significant, but AR, for Phase 2 was significant. Calves sired by the Missouri bull maintained a more stable alkaline phosphatase level than those sired by the Control bull during the first E+ challenge. In neither sire group did levels in Phase 3 recover from the levels reached during Phase 2, which may have been due to high ambient temperatures. Boling et al. (1989) reported that alkaline phosphatase levels of heifers that consumed E+ fescue diets were lower than alkaline phosphatase levels of heifers consuming endophyte-free fescue diets during a heat stress period only. This suggests that high temperatures may have contributed to lower alkaline phosphatase levels in heifers fed E+ fescue hay in their experiment. High ambient temperatures might also have contributed to the low alkaline phosphatase levels in Phase 3 in this experiment. The AR, of Phase 4 was nonsignificant because alkaline phosphatase levels of both sire groups failed to react to E+. Although the A& of Phase 5 was not significant, both sire groups showed increases in alkaline phosphatase when E+ fescue seed was removed from the diet and temperatures were cooler than in Phase 4.
Rectal Temperatures. The effects of calf, phase, and day within phase all were highly significant for morning and afternoon rectal temperatures and for morning to afternoon rectal temperature change ( Table 2 ) . This suggests that E+ in the diet, ambient temperature (for which day could be considered a proxy variable), and repeatable differences among calves all influenced the body temperature records. Among many others, Hemken et al. ( 1979) and Boling et al. (1989) have reported elevated body temperatures associated with ingestion of E+ fescue by cattle.
Paternal half sib groups did not differ significantly in this experiment, but as shown in Figure 5 , body temperatures of calves sired by the Missouri bull were consistently lower than or equal to those of progeny of the Control bull.
Morning to afternoon body temperature change reflected the animals' ability to maintain constant body temperature as ambient temperatures varied, usually increasing, from morning to afternoon. Higher values of change indicated a reduced ability to Average morning and afternoon temperatures are represented by solid circles and squares, respectively. maintain a homeothermic internal environment. This variable was expected to be lower for calves that were resistant to fescue toxicosis. Body temperature change responded strongly to E+ in the diet in Phase 2, but not in Phase 4 when ambient temperatures were cooler ( Figure 6 ). The sire x phase interaction was not significant, suggesting that progeny of the two sires had similar difficulty in maintaining homeothermy in response to increasing ambient temperatures and the fescue toxicosis challenge. . Average afternoon rectal [ + ) and pastern (+) temperatures for progeny of the Missouri [-) and Control bulls (----) in each phase. Afternoon ambient temperature is represented by solid squares.
Heat Transfer
body heat is modulation of vasoconstriction and vasodilation of blood vessels at the body surface. Following the methods of Rhodes et al. (19911, heat transfer inefficiency was defined as the difference between rectal temperature and body surface temperature of the same animal at the same time. If two cattle had equal core temperature during a period of high ambient temperature, the animal with greater vasodilation would transfer more heat to peripheral tissues, and would have a higher surface temperature, a smaller difference between rectal and body surface temperature (the vertical distance between corresponding points in Figure 71 , and lower heat transfer inefficiency. Ergovaline, which has been implicated in fescue toxicosis, is a known vasoconstrictor (Solomons et al., 1989) . Heat transfer ineficiency may, therefore, be an indicator of susceptibility to fescue toxicosis.
Data on both pastern and tail tip surface temperatures were used to quantify heat transfer inefficiency. Results from the two variables were similar and only the former are presented here. The analyses of variance of afternoon pastern temperature and heat transfer inefficiency are in Table 2 . Calf nested within sire, phase, and day nested within phase (the same sources of variation that were significant for rectal temperatures) were significant for these two traits. The close correspondence across phases between changes in average afternoon ambient temperatures and average afternoon pastern temperatures is documented in Figure 7 . This correspondence accounted for the significant phase effect for both variables and probably accounted for the significant day effect as well. Neither the sire effect nor the sire x phase interaction significantly influenced afternoon pastern temperature (Figure 7) or heat transfer inefficiency (Figure 8 ). It also is evident from Figure  8 that, under the conditions of this experiment, heat There are three important limitations to the experiment reported herein. First, the Control bull had unknown merit with respect to offspring susceptibility to fescue toxicosis. By chance, we may have chosen a Control bull with comparable resistance to that of the Missouri bull. To test whether variability for susceptibility existed between progeny of Polled Hereford sires, we would have preferred to test presumed resistant against presumed susceptible individuals. Unfortunately, bulls with a reputation for E+ fescue susceptibility were not known to us. Second, the number of offspring per bull was small, so differences between the paternal half sib groups would have to have been large to achieve statistical significance. Finally, there may have been a difference between progeny of the two bulls but our test conditions and the variables measured may have been inappropriate to detect it.
In an experiment at the University of Missouri (Lipsey et al., 19921 , A n g u s bull calves were challenged by heat stress and E+ fescue seed in the diet, then ranked for ability to minimize the increase in rectal temperature in response to those stresses. Progeny of the most resistant and the most susceptible bulls subsequently differed in rectal temperature response to ergovaline administration during heat stress. These results suggest a heritable component to fescue toxicosis resistance. Consistently significant sire x phase interaction mean squares in this experiment would have strengthened the case for existence of within-breed genetic variation for susceptibility to fescue toxicosis. The negative results reported herein do not, however, mean that such variation does not exist.
Implications
Selective breeding could be one of several management strategies to alleviate the effect of fescue toxicosis on beef production efficiency. In this experiment, we sought evidence of differential susceptibility to toxicosis in progeny of two Polled Hereford sires, one with a commercial reputation of producing resistant progeny. The offspring of the bull with this reputation were not conclusively more resistant t o fescue toxicosis, but they had higher feed intakes and lower body temperatures throughout most of the trial. This could account for apparent resistance of such progeny under field conditions. Future research is warranted using larger numbers of sires and more progeny per sire.
